Germination 
Spiny hopsage (Grayia spinosa) is unique in the ecology of the Great Basin. It is one of the few woody species found in plant communities of both the sagebrush (Artemisia) and shad scale (A triplex confertifolia)
zones (Billings, 1949) . Most importantly, it is the only highly preferred browse species in many low-elevation big-sagebrush (Artemisia tridentata) communities (Dayton, 1931) . As a valuable browse species, spiny hopsage offers the potential for revegetating degraded rangelands or wildfire areas. To use this species or any other native shrub for revegetation, we must know the inherent germination requirements of the seeds and the microenvironmental characteristics of a seedbed that enables the seeds to germinate (Springfield, 1970) .
Our objectives were to study the germination of seeds (achenes) of spiny hopsage in relation to temperature and osmotic and matric potentials. 
Methods
Seed from five sources were collected in 1973; three from near Reno, Nev., one from Dayton, Nev., and the fifth from Mojave, Calif. In the Mojave source, seed was not threshed from the bracts.
Temperature
We placed 25 seeds of spiny hopsage (source-Dayton) in 1 ..5-cm-deep petri dishes (four replications) and kept them moist with tap water. Seeds were placed in dark germinators and maintained with regimes of constant and alternating temperatures of -6, -4, -2, 0, 2, and 5'C, and S-degree increments through 3O"C, with another at 40°C. Timing of alternating temperatures was 16 hours at the lower temperature (night) and 8 hours at the higher one (day). Germinated seeds were counted after 1, 2, and 4 weeks of incubation.
Seeds were considered germinated when the radicle emerged 5 mm. The same procedure was used for the seed from Mojave and Reno, but only the constant temperatures were used because of a limited supply of seed.
Osmotic Potential
Aqueous solutions with osmotic potentials of -4, -6, -8,-12,and-16 bars were prepared by dissolving appropriate amounts of polyethylene glycol (mol wt = 1,540) in distilled water. A similar range of potentials, -4, -8, -13, -17, and -22 bars, was prepared with NaCl. Osmotic pressures of solutions were checked with a vapor pressure osmometer, and concentrations were adjusted within 0.1 bar. We placed 25 spiny hopsage seeds in plas- January 1976 tic boxes with 5 g of ground polystyrene plastic and 100 ml of solution (Young et al., 1968) . Seeds were incubated at 15°C and the number and length of germinating seedlings were determined after 1 week.
Soil Matric Potential
A 1 S-bar ceramic plate soil moisture extractor was used to obtain matric potentials of -2, -4, -6, -8, -10, -12, and -15 bars, following the procedures of Young et al. (1970) . The extractor was operated in a germinator maintained at 15°C. Clay, loam, and fine sand were used as germination substrates.
Both wet and dry cycles were used. Wet cycles consisted of planting the seeds in soil and bringing the soil to the desired matric potential in the extractor.
In the dry cycle, the soil was brought to the desired matric potential; then the seeds were planted, and the plates were returned to the extract or.
Establishment of Seedlings in Relation to Soil Microtopography
Cups, 15 cm in diameter, were filled with sandy loam soil. In one experiment, the soil was left undisturbed after being poured into the cups; in another experiment, the soil surface was smoothed after we filled the cups. Spiny hopsage seeds were broadcast on the surface of the soil or covered with 0.5 cm of soil. Both bracted and free seeds were used. The cups were placed in the greenhouse, and established seedlings were counted after 1 week.
Hydroscopic Nature of Bracts
We placed 1 g of air-dry spiny hopsage bracts with seeds in a desiccator in which a 10% relative humidity was maintained with LiCl. After 24 hours, the samples were reweighed and placed in desiccators in which a saturated relative humidity was maintained. The weight 24 hours later was obtained for calculating moisture absorption. Four replications were used.
Results
The seeds of spiny hopsage, less than 2 mm long, are composed of an embryonic seedling tightly coiled within a very thin pericarp. The seeds are enclosed in two conduplicate bracts that are united at their edges to form a slightly inflated sack about 1 cm in diameter. The seeds normally do not dehisce from the bracts, but the few lots of seeds that enter into the seed trade and are available for revegetation often are threshed from the bract to reduce storage space and shipping cost. 
5g-k 0 aMeans followed by the same letter do not differ significantly at the 0.01 level of probability, as determined by Duncan's multiple range test.
Rate of Germination Matric Potential
Spiny hopsage seeds germinated very rapidly. In rate of germination and juvenile seedling appearance, spiny hopsage is very similar to another member of the Chenopodiaceae, Russian thistle (Salsola iberica) (Young and Evans, 1972) .
Seedling Elongation
Germination in the wet cycle was higher on clay-textured soil than on other soils at all but -15 bars. At this point, substrate was no longer strikingly important (Fig. 1) . Seeds of spiny hopsage germinated very rapidly, and probably some of the germination observed with the wet cycle in the 15-bar extractor occurred before the Seed from Mojave had exceptionally high germination at -12 and -16 bars of osmotic stress created with polyethylene glycol compared to other species reported in the literature of Young et al. (1968) (Fig. 2) . Most range grass species have very limited germination at these stress levels. Germination of bracted seeds from Mojave was not reduced significantly (p = 0.01) at -8 and -12 bars in comparison with 0 bars. We repeated this experiment three times with similar results. Threshed seeds had reduced Seedlings elongated the most within 1 week at 15/20 (15°C for 16 hours and 20°C for 8 hours daily), 20/20, and 5/25"C temperatures (Table 1 ). The radicle tip first uncoiled at low temperatures, including -6 alternating with 20°C. Seedling growth was not greatest at the highest temperature regimes. The major influence of the bracts on the seed from California was the reduction in apparent germination at 2 and 5°C. We say "apparent" germination, because the bracts hid the short radicle elongation at low temperatures. Optimum germination in relation to alternating temperatures after 2 weeks incubation occurred at a 5°C night temperature through a range of 10 to 30°C day temperatures (Table 3) . This germination reflects the ecologic requirement for species in cold-arid environments to germinate late in the fall or early in the spring, while moisture is available. soil substrate reached the desired matric potential. Germination was greatly reduced under the dry cycle, especially at matric potentials greater than -4 bars (Fig. 1) . The relation between wet and dry cycles indicates that any temporary wetness of the soil may be enough to initiate germination of spiny hopsage.
Germination did not differ markedly in relation to matric potential among seeds of different sources or for threshed vs bracted seeds.
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stress was similar to that observed for seeds of most species that have been tested with polyethylene glycol solutions (Young et al., 1968) . When NaCl was used to create osmotic stress, germination of spiny hopsage ended at -13 bars (Fig. 2) . This level probably reflects a salt toxicity rather than osmotic stress.
Soil analysis of spiny hopsage communities in northern Nevada failed to show any surface soils with enough soluble salts to create germination problems for this species (Blackburn et al., 1969) . This may not be true for southern California, where the Mojave seed was collected.
Seedling Establishment
Planting either threshed or bracted seeds 0.5 cm deep in the soil resulted in the greatest seedling establishment (Table 4) . Broadcasting threshed seeds on any soil surface and bracted seeds on smoothed surfaces established few or no seedlings. Bracted seeds broadcast on loose soil resulted in 18% seedling establishment.
This level of establishment may seem low, but very few species that do not have seed mucilage can germinate on the surface of a seedbed without litter coverage (Evans and Young, 1972) .
Hygroscopic Bra&s
The bracts of spiny hopsage were very hygroscopic.
Air-dry bracted seeds increased in weight by 41% when they were placed in a desiccator over water. When air-dry bracted seeds were placed in a desiccator over LiCl, they lost only 2.5% weight in 48 hours.
Discussion
To answer the needs of wildland managers, we must interpret our laboratory experiments in terms of seedbed ecology in the field. We have created some building blocks for a field germination model, but many parameters remain to be established. What happens to bracted spiny hopsage seeds from the time they are mature in midsummer until the first effective fall rain occurs? Do they drop into cracks, or are they otherwise buried? Any land manager who has observed spiny hopsage communities has noted the accumulation of bracts in mini-drifts around micro-obstructions on the soil surface. Do the bracts themselves modify the microenvironment of the seedbed surface and thereby bring moisture within the potential of the seeds to germinate, as has been documented for other cold desert species (Evans and Young, 1970) ? The bracts undoubtedly affect germination, as has been noted for the closely related genus Atriplex (Beadle, 1952 
